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SPECIFICATION ^^^sr 



1- Title 

METHOD FOR PREPARING 7- [2- (2-AMlNO THIA20LE-4-yl, -2-HYDROXy IMINO 

ACTAMIDEJ-3-CEPHEM COMPOUNDS 

2. Claims 

(II A»ethod for preparing a 7-t2-(2-ainino thiazole-4-yl)-2- 

hydroxy imino acetamldei -3-cephe» cc^und represented by the formula 
below: 

/OH 

(in Which R- Is an organic group, and is a carboxyl group or a 

protected carboxyl group) 

or a salt thereof, said method comprising reacting a 7-amino-3-cephem 
compound represented by the formula below: 



(in which R^ and R^ have the same meanings as defined in the 
foregoing) , 

a reactive derivative thereof at the- amino group, or a salt thereof 
with a compound represented by the formula below: 



Number in the margin indicates pagination in the foreign 



text* 



N 

ii 

-c-cdx 



(in which is an acyl group, and X is a halogen atom) 

or a salt thereof arid subsequently subjecting the produced compound /1252 

to a reaction for eliminating the acyl group represented by r\ 

(2) A method for preparing a 7- [2- (2-amino thia2ole-4-yl) -2- 
hydroxy imino acetamideI-3-cephem compound represented by the formula 



below: 

if 

(in which R^ is a carboxyl group or a protected carboxyl group) 
or a salt thereof, said method comprising subjecting a 3-cephem 
compound represented by the formula below: 

M 

(in Which R^ has the same meaning as defined in the foregoing, and R^ 
is an acyl group) 

or a salt thereof to a reaction for eliminating the acyl group 
represented by R^. 



(3) A compound represented by the formula below: 



Un *ich ^ is a carboxyx ,„up or a protectee, carboxyl ,roup, an. 

is an acyl group) 

or a salt thereof. 

(4) A compound represented by the formula below: 

,3 



N 

ii 

•c-coar 



(ia Which R> is a. acyl group, and X is a halogen atom, 

or a salt thereof. 

(5, The ciWouna stated In Clal, 4, which is 2- ,2-a„ino thiazole- 
4-yl,-2-ac.toxy IMno acetyl chloride hydrochloride „y„ iso,»r, . 

(6, A method for preparing a compound represented by the formula 

below: 



/OR- 

N 

it 



(in which is an acyl group, and X is a halogen atom, 



4 



or a salt thereof, said method comprising reacting a compound 
represented by the formula below: 



n 

>C«COOH 



(in which has the same meaning as defined in the foregoing) 
or a salt thereof with a halogenating agent. 
3. Detailed Description of the Invention 

The present invention pertains to a novel method for preparing 7- 
[2-(2-amino thiazole-4-yl)-i-hydroxy imino acetamide] -3-cephem 
coii«)ounds or salts, thereof. 

More specifically, the present invention pertains to a novel, 
high-yield method for preparing 7- [2- (2-amino thia2ole-4-yl) -2-hydroxy 
imino acetamide]-3-cephem compounds represented by the general /1253 
formula below: 



If 

<~COWI-i — t"'^^ 




cn 



(in which is an organic group, and is a carboxyl group or a 
protected carboxyl group) 
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or thereof fro„ correspond^, 7-a«i„o-3-cephe™ co^„„as or 

.alts thereof a„d fro.. 2-,2-a«lm, thla^ole-4-y^, .2-,,,ioxy l.i„o 
acetyl halides or salts thereof. 

That is, the Objective of the present invention is to provide a 
novel method for producin, 7- ,2- ,2-a..i„o thiazole-4-yl, -a-,,aroxy 
-ino aceta-idel-a-cephem co^^^ds (I, or salts thereof on an 
industrial scale. 

7-[2-<2-a«i„o thiazole-.-yl,-2-hydroxy i^no aceta.ide,-3-cephe» 
co^ounds ,1, have been produced according to, for exa^nple, the 
following methods. 
Method 1 



(a) 



Key: a) Introduction of an amino protecting group. 
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«iCtt »«<»<>> K«(b) 
(J) 7 «. T t y it 7 * A'tt'frM 



CI) T t >'0IJ|X«>>|t 11(d) 



Key: (a) Elimination of the carboxyl protecting group; (b) Conversion 
group; (e) Elinanation of the hydroxyl protecting group 



oa 




CO 



7 



Method 2 



Y-CHjCOCHzCOX 



t-cii^c<>-c-co«rfi-i — f^'"^ 



OH 



/1254 



OS 



(in Which and have the same meanings as defined in the foregoing, 
R' is a carboxyl protecting group, such as an ethyl group, r'' is an 



8 



amino protecting group, such as a chloroacetyl group, is a hydroxyl 
protecting group, and X and Y each represent. a halogen atom.) 

Method 1, however, requires two extra steps, that is,, the 
introduction of an amino protecting group and the elimination of the 
amino protecting group; consequently, the total yield of the target 
cephem compound is not so high. 

Method 2 requires the use of costly cephem compounds at the 
initial step and consequently requires a considerably high cost for 
Obtaining the final compounds. Furthermore, this method also generates 
anti isomers at the oxime portion and thus requires an additional 
process for separating the anti isomers. 

The inventors of the present invention extensively studied 
various methods for producing 7-C2- (2-amino thiazole-4-yl) -2-hydroxy 
imino acetamidel.3-cephem compounds on an industrial scale and, as a 
result, separated 2- (2-amino thia2ole-4-yl) -2-acyloxy iniino-acetyl 
halides or acid addition salts thereof in a stable form, thereby 
succeeding in attaining the novel production method of the present 
invention. 

The production method of the present invention is characterized 
by reacting a 7-amino-3-cephem compound represented by the formula 



below: 



"70- 



Cl> 
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(in which and have the same meanings as defined before) , 
a reactive derivative thereof at the amino group, or a salt thereof 
with a 2-(2-amino thiazole-4-yl) -2-acyloxy imino acetyl halide 
represented by the formula below: 



» — J" 



/OH' 

ft 

B 

cm) 



(in which is an acyl group, and X has the same meaning as defined 
before) 

or a salt thereof and by subsequently subjecting the produced compound 
to a reaction for eliminating the acyl group represented by r\ 
thereby obtaining a 7- [2- (2-amino thiazole-4-yl)-2-hydroxy imino 
acetamide]-3-cephem compound represented by the formula below: 



o ^ CO 

(in Which and R^ have the same meanings as defined in before) . 

suitable salts of the raw material compound II and the target 
compound I are salts that are commonly used in the fields of 
cephalosporin and penicillin, and some examples include salts formed 
with bases and acid addition salts-for example, salts formed with 
inorganic bases, examples of such salts being alkali metal salts (for 
example, sodium salts, potassium salts, etc.), alkaline earth metal 
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salts (for example, calcium salts, magnesium salts, etc.), and 
ammonium salts; salts formed with organic bases, examples of such 
salts being organic amine salts (for example, trimethyl amine salt, 
pyridine salt, picoline salt, ethanol amine salt, triethanol amine 
salt, dicyclohexyl amine salt, N,N. -dibeneyl ethylene diamine salt, /1255 
etc.); inorganic acid addition salts, such as hydrochloride, 
hydrobromate, sulfate, phosphate, etc.; organic carboxylic acid 
addition salts or organic sulfonic acid addition salts, such as 
formate, acetate, trifluoroacetate, maleate, tartrate, methane 
sulfonate, benzene sulfonate, p-toluene sulfonate, etc.; and so forth. 
Examples of suitable salts of the raw material compound III include 
the acid addition salts listed in the foregoing. 

The production method of the present invention can be illustrated 
by the following reaction formula. 



0 r, — — _^ 

W*1t»^9im (a) 



Key: a) (li), a reactive derivative thereof ai- i-h«» 
salt th«»rAr>f. JTTT* ai-xvc unereor at the ammo group, or a 

thereof, b) (iii) or a salt thereof; c) Production Method l 
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Cl?) * 



CI) 



Key:; a) (IV) or a salt thereof; b) elimination of the acvl arouo 
represented by R^; c) Production Method 2; d) {I, or a salt thereof 

(in Which rS rS and R^ each have the same meaning as defined before 

2-(2-amino thia2ole-4-yl) -2-acyloxy imino acetyl halide (III)-, 
raw material compound, includes novel compounds, and -these can be 
prepared by the method illustrated by the following reaction formula 
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t & ttr -f 

(a) 



f sau'th«^i °' " '» » •«lo9„«U„^ «,e„t; c, (III, or 

(in Which R> and X each have the .ame Meaning as defined before., 

The 7-[2-l2-amino thlazole-4-yl, -2-hydroxy iaino acetamide)-3- 
=ephe„ co^unds (I, obtained accordin, to the production „ethod of 
the present invention exhibit strong antibacterial Effects, inhibiting 
the growth of a wide spectru. of pathogenic bacteria, including graM- 

positive and gram-negative bacteria, and thus are useful as 

antibacterial drugs. 

The following presents suitable examples of R-, r'. and R» as 
defined 1„ the present specification in the foregoing and explains 
them in further detail. 
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The term -lower- uaed in tl,e present specification means a group 
>.avin5, I to 6 carbon atoms, preferably i to . carbon atoms, unless 
Otherwise stated. 

Examples of the -acyl ,roup- suitable for the present invention 
include aliphatic acyl groups and acyl groups containing aromatic 
rings or heterocyclic rings. Preferable examples of these acyl groups 
include lower altenoyl groups, such as a formyl group, acetyl group, 
propionyl group, butyryl group, tsobutyryl group, valeryl group, 
isovaleryl group, oxalyl group, succinyl group, pivaloyl group, etc., 

lower altoxy carbonyl groups, such as a methoxy carbonyl group, 
ethoxy carbonyl group, propoxy carbonyl group, 1-cyclopropyl ethoxy 
carbonyl group, Isopropoxy carbonyl group, butoxy carbonyl group, 
tertiary butoxy carbonyl group, pentyloxy carbonyl group, hexyloxy /125. 
carbonyl group^ etc.; 

lower Wkane sulfonyl groups, such as a mesyl group, ethane 
sulfonyl group, propane sulfonyl group, 1-methyl ethane sulfonyl group, 
butane sulfonyl group, etc.; 

arene sulfonyl groups, such as a benzene sulfonyl group, tosyl 
group, etc.; 

aroyl groups, such as a benzoyl group, toluoyl group, xyloyl 
group, naphthoyl group, phthaloyl group, indan carbonyl group, etc., 

ar (lower, alkanoyl groups, such as a phenyl acetyl group, phenyl 
propionyl group, etc.; 
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ar (lower) alkoxy carbqnyl groups, such as a benzyloxy carbonyl 
group, phenethyloxy carbonyl group, etc.; and the like. 

The aforesaid acyl moiety may have one or more suitable 
substituents, such as halogen atoms (for example, chlorine, bromine, 
iodine, and fluorine) and the like. 

Examples of the 'protected carboxyl group" suitable for the 
present invention include esterified carboxyl groups that are commonly 
used for penicillin or cepharosporin compounds at their 3 or 4 
position . 

The preferable -ester moiety" of the 'esterified carboxyl group" 
includes lower alkyl esters, such as methyl ester, ethyl ester, propyl 
ester, isopropyl ester, butyl ester, isobutyl ester, tertiary butyl 
ester, pentyl ester, tertiary pentyl ester, hexyl ester, etc.; lower 
alkenyl esters, such as vinyl ester, allyl ester, etc.); lower alkynyl 
esters, such as ethynyi- ester, propynyl ester, etc.; lower alkoxy 
(lower) alkyl esters, such as methoxy methyl ester, ethoxy methyl 
ester, isopropoxy methyl ester, 1-methoxy ethyl ester, 1-ethoxy ethyl 
ester, etc.; lower alkylthio (lower) alkyl esters, such as methylthio 
methyl ester, ethylthio methyl ester, ethylthio ethyl ester, 
isopropylthio methyl ester, etc.; mono (or di or tri) halo (lower) 
alkyl esters, such as 2-iodoethyl ester, 2, 2, 2-trichloroethyl ester, 
etc.; lower alkanoyloxy (lower) alkyl esters, such as ace toxy methyl 
ester, propionyloxy methyl ester, butyryloxy methyl ester, 
isobutyryloxy methyl ester, valeryloxy methyl ester, pivaloyioxy 
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■■ethyl ester, hexanoyloxy .^thyl ester, 2-acetoxy ethyl ester, 2- 
proplonyloxy ethyl ester, l,acetoxy propyl ester, etc., lower aUane 
sultonyl dower, alkyl esters, such as -ethyl .^syl ester, 2-„esyl 
ethyl ester, etc.; ar(lower) alley! esters, such as moho (or dl, or 
trl. Phenyl (lower, alkyl esters that .ay have one or more suitable 
substituents ,so„e exa.ples ot the ardower, alkyl esters being benzyl 
ester, 4-methoxy benzyl ester, 4-nitr„benzyl ester, phenethyl ester, 
ben.hydryl ester, trityl ester, bis (methoxy phenyl) methyl ester, 
3,4-di«ethoxy benzyl ester, 4-hydroxy-3,5-di-tertiary butyl benzyl 
ester, etc.); aryl esters that may have one or more suitable 
substltuents, so»e exa^ies of the aryl esters Includin, phenyl ester, 
tolyl ester, tertiary butyl phenyl ester, xylyl ester, -esityl ester, 
cumenyl ester, salicyl ester, etc.; heterocyclic esters, such as 
Phthalidyl ester, etc., tri-substituted sllyls, such as tri (lower, 
alkyl silyls (for example, trimethyl silyl, triethyl silyl, Isopropyl 
dimethyl silyl, tertiary butyl dimethyl silyl, diisopropyl methyl 
=ilyl, etc, triaryl silyls, such as triphenyl, etc., tri-ar (lower, 
alkyl silyls, such as tribenzyl silyl, etc., and the like. 

Exa^les of the -organic group- suitable for the present 
invention include the groups that are commonly used at the 3 position 
Of cepharosporin compounds, and they Include aliphatic groups, 
aromatic groups, and heterocyclic groups-for example, lower alkyl 
groups such as a methyl group, ethyl group, propyl group, isopropyl 
9roup, butyl group, isobutyl group, tertiary butyl group, pentyl /1257 
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group, neopentyl group, tertiary pentyl group, hexyl group, etc.; 

lower alkenyl groups, such as a vinyl group, 1-propenyl group, 
allyl group, l-iaethyl allyl group, l, 2, or 3-butenyl group, 1, 2, 3, 
or 4-pentenyl group, 1, 2, 3, 4, or 5-hexenyl group, etc.; 

aryl groups, such as a phenyl group, tolyl group, xylyi group, 
cumenyl group, naphthyl group, etc.; 

heterocyclic thiontethyl groups, such as a furyl thiomethyl group, 
thiazolyl thiomethyl group, thiadizolyl thiomethyl group, tetrazolyl 
thiomethyl group, etc.; 

heterocyclic methyl groups having a quaternary nitrogen atom, 
such as 1-lower alkyl pyrrol idinyomethyl groups, etc. (for example, 1- 
ntethyl pyrrolidinyomethyl group, l-ethyl pyrrol idinyomethyl group, 1- 
methyl-2-hydroxy methyl pyrrolidinyomethyl group, l-methyl-2- 
carbamoyloxy methyl pyrrolidinyomethyl group, etc.; and so forth. 

Examples of the ^halogen atomT preferably used ir. the present 
invention include chorine, bromine, iodine, etc. 

Preferred embodiments of R^, and R^ are as follows. 

is a lower alkenyl group, such as a vinyl group, etc., or a 
five-membered aromatic heterocyclic group having one sulfur atom and 
one or two nitrogen atoms-for example, a heterocyclic thiomethyl 
group, preferably l,2,4-thiadia2olyl group, etc. 

is a carboxyl group or esterified carboxyl group, preferably a 
tri (lower) alkyl silyloxy carbonyl group, preferable examples of 
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Which include tri,c..., alkyl sUyloxy carbonyl groups, such as 
trimethyl silyloxy carbonyl group, etc. 

is a lower alkanoyl group, preferably a c... allcanoyl group, 
such as an acetyl group, etc. 

The following gives detailed descriptions of the methods for 
preparing the target compound ,1, of the present invention. 
Preparation M«»f-h^w i 

compound IV or a salt thereof can be prepared by reacting 
compound II, a reactive derivative thereof at an amino group, or a 
salt thereof with a-,2-ami„o thlazole-4-yl, acyloxy Imino acetyl 
halide III or a salt thereof. 

Preferable examples of the reactive derivative of compound II at 
the amino group Include silyl derivatives formed by the reaction of 
compound II and a silyl co^und, such as bis.trlmethyl silyl, 
acetamide, mono (trimethyl silyl) acetamide, etc. - 

Preferred salts of co.^und IV include the salts listed in 
reference to compoxind I. 

the reaction is usually carried out in a con^nly used solvent, 
such as water, acetone, dioxane, acetonitrile, chloroform, methylene 
Chloride, ethylene chloride, tetrahydrofuran, ethyl acetate, 
di-ethyl formamide, pyridine, etc., and the reaction may also be 
carried out in any other organic solvents as long as they do not 
adversely affect the reaction. These conventionally used solvents «y 
also be used as a mixture with water. 
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The reaction be carried out in the presence or absence of an 
inorganic base or organic base, such as aUali „etal hydrogencarbonate, 
tri (lower) alkyl a„i„e, pyridine, N- (lower, allcyl „orpholl„e, N,N- 
di (lower) al)tyl benzyl amine, etc. 

The reaction temperature is not limited in any specific way, but 
the reaction is usually conducted under a cooled condition or at room 
temperature. 

The scope Of the present invention also encompasses the case in 
Which the carboxyl protecting group for is eliminated during this 
reaction or during a post-processing step of this preparation method. 

The inventors of the present invention are the first to succeed 
in isolating compound in or a salt thereof used in this reaction in a 
stable form, thus making it possible for this reaction to progress 
With a high yield and for the recovery process of byproducts to be 
eliminated; consequently, this reaction can be carried ouf 
conveniently, and the quantity of the reaction product can be 
controlled easily under the best conditions. 
Preparation Method 2 

compound I or a salt thereof can be prepared by .subjecting 
compound iv or a salt thereof to a reaction for eliminating the acyl 

group represented by R^. 

This elimination reaction is preferably carried out in the same 
reaction medium as the one used in Preparation Method 1, without 
eliminating confound iv. 



/1258 
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This elimination reaction is effected by a conventional method, 
such as hydrolysis, reduction, etc. 

The hydrolysis conducted here can be carried out by methods that 
use an acid, base, etc. The method should be selected according to the 
type of acyl group to be eliminated. 

Examples of the acid suitably used for this reaction include 
organic acids and inorganic acids, such as formic acid, 
trifluoroacetic acid, benzene sulfonic acid, p-toluene sulfonic acid, 
hydrochloric acid, etc. In addition, in place of the aforesaid acids, 
Lewis acids, such as boron trifluoride ethyl ether, etc., may also be 
used for this reaction. The acid suitable for the reaction can be 
selected according to the type of acyl group to be eliminated, in the 
case of carrying out the elimination reaction with an acid, the 
reaction can be carried out in the presence or absence of a solvent. 
Solvents suitable here include organic solvents, such as alcohol-s (for 
example, methanol, etc.) 

Examples of the base suitably used for this reaction include such 
inorganic bases as alkali metal hydroxides (for example, sodium 
hydroxide, potassium hydroxide, etc.); alkaline earth metal hydroxides 
(for example, magnesium hydroxide, calcium hydroxide, etc.); alkali 
metal carbonates (for exax,«,le, sodium carbonate, potassium carbonate, 
etc.); alkaline earth metal carbonates (for example, magnesium 
carbonate, calcium carbonate, etc.); alkali metal hydrogencarbonates 
(for example, sodium hydrogencarbonate, potassium hydrogencarbonate. 
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etc.; auau metal acetates (tor exa.ple, sodl™ acetate, potassium 
acetate, etc.); alkaline earth metal phosphates (for example, 
wgnesium Phosphate, calcium phosphate, etc.); aUcaU metal 
hydroge,>phosphates (for example, Olsodium hydrogenphosphate, 
dlpotassium hydrogenphosphate, etc.); and the li,ce. Hydrolysis that is 
conducted With the use of a base is often carried out in water, a 
hydrophiltc organic sol«„t, or a mixture thereof. 

Examples of the reduction method include reduction with the use 
Of an al).au metal borohydride, such as sodium l«rohydride, etc., 
catalytic reduction with the use of a cc^on catalyst, and the U,ce. 

The reaction temperature is not limited in any specific way, and 
the reaction is usually carried out at room temperature or while the 
reaction system is being cooled. 

The scope Of the present invention also encompasses the case in 
Which the protected carboxyl group represented by R» is eliminated 
during this reaction or during a post-processing step of this 
preparation method. 

The preparation methods of the present Invention are highly 
useful as methods for preparing antibacterial 7-,2-,2.amino thiazole- 
.-yl)-2-hydroxy imino acetamidel -3-cephem compounds (I), in particular, 
3-vinyl-3-cephem compounds, at high yield on an industrial scale. 

The following explains the method tor preparing 2-(2-aBino 
thia3ole-4-yl,-2-acyloxy imino acetyl halide (III, or a salt thereof, 
a starting substance. 
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The starting substance (III, or a salt thereof can be prepared by 
reacting coii^>ound Ilia with a halogenating agent. 

Preferable salts of compound III are salts formed with bases, and 
preferable salts of compound iiia are salts formed with bases or acid 
addition salts such as those cited in reference to compound i. 

compound llla can be prepared by the methods described in the 
preparation examples presented later or conventional methods. 

Preferred examples of the halogenated agent used in this reaction 
include phosphorus pentachloride, phosphorus oxychloride, thionyl 
Chloride, phosgene, etc., which are commonly used for converting 
carboxylic acids into acid halides. 

The reaction is usually carried out in a conventional solvent, 
such as methylene chloride, chloroform, etc., but it can be carried 
out in any other solvents as long as they do not adversely affect the 
■•^ reaction. 

The reaction temperature is not limited in any specific way, but 
the reaction is usually conducted at room temperature or while the 
reaction system is being cooled. 

The acid addition salts, such as hydrochloride, etc., of compound 
III can be isolated in a stable crystal form and, thus, are especially 
preferable for the reaction of the present invention. 

The following explains the present invention, referring to /1259 
preparation examples and working examples. 
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Prepara tion Examp iP ^ 

into a suspension of ethyl 2.t2.^„o thiazole-4-yl,-2-hydroxy 
i^no acetate ,sy„ Xs„.er, ,173 „ i„ ethanol ,l.e „as adaed a IK 
.Odl™ hydroxide a^eous solution ,8« ^, drop by drop at U'C over 
the course of 30 ninutes while the suspension was bel„, stirred. «ter 
the completion Of the drop addition, the fixture continued to be 
stirred at the sa»e te^rature for 1.5 hours. The reaction fixture 
was cooled to S'C, at which te^erature the reaction mixture was 
stirred for 1 hour, after which the precipitate was collected by 
filtration, washed with ethanol, and vacuun dried over phosphorus 
pentaoxide, thereby obtainin, sodiu. 2-,2-a.ano thla.ole-4-yl, -2- 
hydroxy i»i„o acetate dlhydrate Isyn isomer) ,156.7 g,.. 
nvp: 130-131 (decomposition) 
IR (Nujol) : 3520, 3300, 1600, 1530 cm- 
NMR ,DMSO-d. 6): 6.97 ,2H, br, s), 7.33 ,1H, s> 
This compound ,20g, was recrystalli.ed from water ,30 mL), 
thereby obtaining a pure substance (12.6 g) . 
mp: 133-134-c (decomposition) 
Elemental Analysis: as C5H.K,o,SNa 2H,o 

Calculated walue: C 2t 4S v t a 

<- H 3.27, H 17.14, s 13.06, Na 9.39, H,0 



14.69 



14.75 
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Preparation P.^^mpi^ ^ 

TO a solution o, so<.i„» 2-,2-3.i„„ thia.ole-4-yl, -2-hyc.roxy i„t„„ 
acetate <Uhy<lrate ,sy„ i.„„er, «0.s „ i„ „«er ,150 ^, „as added 
acetic anhydride az.S „ at a, to as-c over the course o. So ^„ute,. 
Our^n, the addition. l„. potassiun caxhonate was added to ^intain the 
PH Of the reaction »i,ture to the range ot 6.0 to e.3. «ter the 
reaction ^,ture continued to he stirred .or 20 minutes, it was ^xed 
With », hydrochloric acid to set its pH to 3, thus ...In, the reaction 
Mixture acidic. The produced precipitate was collected by filtration 
and washed with etha,ol and then with diisopropyl ether, after which 
it was .acuua dried over phosphorus pentaoxide, thereby obtaining a- 
<2-a.ino thta.ole-4-yl,-a-.cetoxy i^no acetic acid containing 1.1 
■■olecules of water (syn isomer) (17.6 g) . 
inp: 138-140 -c (decomposition) 
IR (Hujoi): 3400, 3100, 1760, 1630 cm"' 

^MR (DMso-d. S)= a.ao oh, s), 7.a5 (ih, s) 

Preparati on Biam pl. t 

TO a solution Of Phosphorus tetraoxide (25.0 g) in methylene 
Chloride .aso „L, was added a-(a.a^no thia.ole-4-yl)-a-acetoxy i„ino 
acetic acid (syn iso^^r) (ia.5 ,), a small quantity at a time, at - 
20X While the reaction mixture was being stirred. The reaction 
fixture continued to be stirred at a temperature in the range of -lo 
to -15-C for 75 minutes. To the reaction mixture was added diisopropyl 
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ether (250 mL) drop by drop at a temperature below O^'C over the course 
of 15 minutes. The produced precipitate was collected by filtration, 
washed with diisopropyl ether, and subsequently vacuum dried over 
phosphorus pentaoxide, thereby obtaining 2- (2-amino thiazole-4-yl) -2- 
acetoxy imino acetyl chloride hydrochloride (syn isomer) (13.3 g) . 

mp: 128-130'»C (decomposition) 

IR (Nujol): 3300, 1800, 1780, 1640, 1590 cm"^ 
Preparation Example 4 

To a solution of sodium 2- (2-amino thiazole-4-yl) -2-hydroxy imino 
acetate dihydrate (syn isoiaer) (49.0 g) in N,N-dimethyl formamide (240 
mL) was added acetic anhydride (40.8 g) drop by drop at 25«»C over the 
course of 30 minutes while the solution was being stirred. The 
reaction mixture was further stirred for 30 minutes and subsequently 
mixed with ethyl acetate (240 mL) . After the reaction mixture was 
stirred at 5»C for 1 hour, the crystal was filtered, thereby obtaining 
sodium 2- (2-amino thiazole-4-yl)-2-acetoxy imino acetate N,N-dimethyl 
formamide (syn isomer) (58.84 g) . 

IR (Nujol) : 3300, 3100, 1765, 1660, 1620, 1550 cm"^ 
NMR (DMSO-de 6): 2.25 (3H, s) , 2.87 (3H, s) 3.02 (3H, s) 7.18 (IH, 
s), 7.93 (IH, s) 
Preparation Example 5 

To a solution of sodium 2- (2-amino thiazole-4-yl) -2-acetoxy imino 
acetate N,N-dimethyl formamide (syn isomer) (58.8 g) in water (1050 
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mL) was added active carbon (5.9 g). at room temperature while the /1260 
solution was being- stirred. After the reaction mixture was stirred for 
10 minutes, the mixture was filtered. The pH of the filtrate was 
adjusted to 2.5 with 6N hydrochloric acid, and the filtrate was 
stirred at 5 to lOoc for 3 hours. The precipitate was collected by 
filtration, thereby obtaining 2-{2-amino thia2ole-4-yl) -2-acetoxy 
imino acetate dihydrate (syn isomer) (44.5 g) . 

IR (Nujol) : 3450, 3100, 1750, 1600 cm'^ 

NMR (nMSO-d« 5): 2.17 (3H, s), 7.20 (IH, s) 

Elemental Analysis:- as C,H7N304S 2H2O 

calculated value: C 31.70, H 4.15, N 15.85, S 12.08, H3O 13.58 
Actual value: C 31.86, H 3.82, N 16.06, S 12.26, H3O 13.39 

Working Example 1 

To a solution of 7-amino-3-vinyl-3-cephem-4-carboxylic acid (4.52 
g) and bis(trimethyl silyl) acetamide (8 mL) in tetrahydrofuran (50 
mL) was added 2-(2-amino thiazole-4-yl) -2-acetoxy imino acetyl 
chloride hydrochloride (syn isomer) (6.8 g), a small quantity at a 
time, at 0°C while the solution was being stirred. The mixture was 
stirred for 1 hour at. a temperature in the range of 0 to S^C. The 
reaction mixture was poured into cold water (250 mL) , after which the 
produced precipitate was collected by filtration, washed with cold 
water, and vacuum dried over phosphorus pentaoxide, thereby obtaining 
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7-[2-(2-amino thxazole-4-yl) -2-acetoxy imino acetamidej -3-vinyl-3- 
cephem-4-carboxylate (syn isomer) (7.44 g) (yield: 85.1%). 

IR (Nujol) : 3250. 1770, 1750, 1705, 1650, 1590, 1540 cm'^ 
mm (DMSO-d, 6): 2.33 (3H, s) , 3.60, 3.87 (2H, Mq, J=18 Hz), 
5.23 (IH, d, J=5 HZ), 5.32 (IH, d, J=10 Hz), 5.60 (IH, d, J=17 Hz), 
5.82 (IH, dd, J=8 HZ, J=5 Hz), 6.92 (IH, dd, J=10 Hz, J=17 Hz), 7.17 
(IH, s), 9,97 (IH, d, J=8 Hz) 
Worlcinq Examp le 7 



TO a suspension of 7- 12- (2-ami„o thiazole-4-yl) -2-acetoxy imino 
;acetamide]-3-vinyl-3-cephein,4-carboxylate (syn isomer) (1.3 g) and 
ammonium chloride (481.5 mg) in a mixture of water (21 mL) and 
methanol (15 mL) was added, while the suspension was being stirred, a 
10% potassium carbonate aqueous solution drop by drop at room 
temperature until the pH of the reaction mixture became 8.0. While the 
PH was maintained at 8.0 by adding a ro% aqueous solution of potassium 
carbonate, the reaction mixture continued to be stirred for 1.5 hours 
at the same temperature. After the reaction mixture was mixed with IN 
hydrochloric acid to adjust its pH to 5.0, methanol was distilled away 
under reduced pressure. The remaining aqueous solution was mixed with 
IN hydrochloric acid, thereby adjusting its pH to 2.5, and was stirred 
at 5 to 10-c for 30 minutes. The produced precipitate was collected by 
filtration, washed with cold water, and subsequently vacuum dried over 
Phosphorus pentaoxide, thereby obtaining 7- [2- (2-amino thiazole-4-yl) - 
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2-hyclroxy imino acetamide]-3-vinyl-3-cephem-4-carboxylate (syn isomer) 
(830 mg) (yield: 70.0%) 

IR (Nujol) : 3300, 1780, 1660, 1605, 1540 an"^ 

NMR (DMSO-dfi 6): 3.53, 3.80 (2H, ABq, J»18 Hz), 5.17 (IH, d, J= 5 
Hz) 5.28 (IH, d, J=10 Hz), 5.57 (IH, d, J=17 Hz), 5.75 (IH, dd, J=8 Hz, 
J=5 Hz), 6.65 (IH, s), 6.90 (IH, dd, J=17 Hz, J«10 Hz), 7.07 (2H, br 
s), 9.42 (IH, d, J=8 Hz), 11.25 (IH, Br s) 
Wor)cinq Example 3 

To a solution of 7-ainino-3^(l,2,4-thiadiazole-5-yl) thlomethyl-3- 
cephem-4-carboxylate (990 mg), and monotrimethyl silyl acetamide (3.0 
g) in tetrahydrofuran (15 mL) was added 2-(2-amino thiazole-4-yl)-2- 
acetoxy imino acetyl chloride hydrochloride (syn isomer) (937.2 mg) , a 
small quantity at a time, at 5»C while the mixture was being stirred. 
The reaction mixture continued to be stirred for 1 hour at 0 to S'C. 
The reaction mixture was poured into a mixture of ethyl acetate (30 
mL) and cold water (30 mL) . The organic layer was collected by 
separation, washed with a saturated aqueous solution of sodium 
chloride, and dried over magnesium chloride, and the solvent was 
distilled away under reduced pressure. The residue was pulverized /1261 
with diisopropyl diisopropyl ether, thereby obtaining 7-[2- (2-amino 
thiazole-4-yl)-2-acetoxy imino acetamide] -3- (1, 2, 4-thiadiazole-5-yl) 
thiomethyl-3-cephem-4-carboxylate (syn isomer) (1.45 g) (yield: 89.3%). 

IR (Nujol) : 3300, 1770, 1660, 1610, 1530 cm'* 
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j NMR (DMSO-d6 6): 3.57, 3,77 (2H, ABq, J=18 Hz), 4.30, 4.60 (2H, 
ABq, J=14 Hz) 5.17 (IH, d, J=5 Hz), 5.82 (IH, dd, J=8 Hz, J»5 Hz), 

V.04 (IH, s), 7.30 {2H, br s) , 8.70 (IH, s) , 9.90 (IH, d, J=8 Hz) 

i 

Working Example 4 

To a suspension of 7- [2- (2-amino thiazole-4-yl) -2-acetoxy imino 
acetamidej -3- (1, 2, 4-thiadiazole-5-yl) thioinethyl-3-cephem-4- 
carboxylate {syn isomer) (1.08 g) and ammonium chloride (321 mg) in a 
mixture of water (15 mL) and methanol (10 mL) was added, while the 
suspension was being stirred, a 10% aqueous solution of potassium 
carbonate drop by drop at room . .temperature until the pH of the 
reaction mixture became 8.0. While the pH was maintained at 8.0 by 
adding a 10% aqueous solution of potassium carbonate, the. reaction 
mixture continued to be stirred for 1.5 hours at the same temperature. 
After the pH of the reaction mixture was adjusted to 6.0 by the 
addition of IN hydrochloric acid, methanol was distilled away from tl-5 
mixture. The remaining aqueous solution was mixed with IN hydrochloric 
acid, thereby adjusting the pH to 2.5, and was stirred at 5 to 10*C 
for 30 minutes. The produced precipitate was collected by filtration, 
washed with cold water, and subsequently vacuum dried over phosphorus 
pentaoxide, thereby obtaining 7-(2- (2-amino thiazole-4-yl) -2-hydroxy 
imino acetamide]-3-(l,2,4-thiadiazole-5-yl) thiomethyl-3-cephem-4- 
carboxylate (syn isomer) (805 mg) (yield: 80.6%) 

IR (Nujol) : 3200, 3080, 1760, 1690, 1650, 1605, 1550 cm"^ 
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NMR (nMSO-d6 6): 3.73, 3.57 (2H, ABq, J=18 Hz), 4.30, 4,60 (2H, 
ABq, J=14 Hz) 5.15 (IH, d, J=5 Hz), 5.78 (IH, dd, J=8 Hz, J=5 Hz), 
6.65 (IH, s), 7.07 (IH, br s), 8.70 (IH, s) , 9.40 (IH, d, J=5 Hz), 
11.25 (IH, s) 
Working Example 5 

To a suspension of 7-{2- (2-amino thiazole-4-yl)-2-acetoxy iinino 
acetamide)-3-vinyl-3-cephem-4-carboxylate (syn isomer) (1.0 g) in 
methanol (20 mL) was added concentrated hydrochloric acid (0.9 mL) . 
The mixture was stirred at room temperature for 1.5 hours. The 
reaction solution was mixed with .water (20 mL) . The aqueous solution 
was mixed with a saturated aqueous solution of sodium 
hydrogencarbonate, thereby adjust its pH to 3.0, and was filtered, 
thereby eliminating a small quantity of insolubles, and methanol was 
then distilled away. The residue was mixed with a saturated aqueous 
solution (30 mL) of sodium chloride and stirred at room temperature 
for 30 minutes. The produced crystal was collected by filtration and 
washed with water, thereby obtaining 7- (2- (2-amino thi&2ole-4-yl) -2- 
hydroxy imino acetamideJ-3-vinyl-3-cephem-4-carboxylate (syn isomer) 
(692 mg) (yield: 76.5%) 

IR (Nujol): 3300, 1780, 1660, 1605, 1540 cm"* 

NMR (DMSO-de 5): 3.53, 3.80 (2H, ABq, J=18 Hz), 5.17 (IH, d, J=5 
Hz) 5.28 (IH, d, J=10 Hz), 5.57 (IH, d, J=17 Hz), 5.75 (IH, dd, J«8Hz, 
J=5 Hz), 6.65 (IH, s), 6.90 (IH, dd, J=17 Hz, J=10 Hz), 7.07 (2H, br 
s), 9.42 (IH, d, J=8 Hz), 11.25 (IH, br s) 
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Working Example 6 

TO a solution of benzhydryl 7-aMi„„-3-vl„yi-cephen.-4-carboxylate 
hydrochloride (2.14 g) and bis(tri«ethyl sllyl) uraa (2.04 g, i„' 
tetrahydrofuran (25 was added 2-(2-aMino thiazole-4-yl, -2-.aceto.y 
i»lno acetyl chloride hydrochloride (syn isomer) ,1.7 g, at 0 to 5 -c 
»hile the solution was being stirred. The alxture continued to b. 
stirred at 0 to 5 -c for 30 minutes. The reaction mixture was mixed 
With ethyl acetate ,50 mL, and water (25 mL, . The produced precipitate 
was collected by filtration, thereby obtaining benzhydryl 7-[2-,2- 
amlno thlazole-4-yl, -2-acetoxy imino-^aceta.ide)-3-vinyl-3-ceph«.-4- 
carboxylate hydrochloride ethyl acetate (syn isomer) ,3.26 g| /X262 
(yield: 89.6%) . 

IR (Nujol): 1780, 1760, 1705, 1690, 1660, 1630, 1580, 1530 cm- 
KMR ,)»eo-d.8): 2.20 (3H, s). 3.67, 3.67 ,2H, ABg, a=18 Hz), 

i.27 (IB, d, a.5 HZ) 5.30 ,1„, a, a=10 HZ), 5.65 ,1H, d, J-l, Hz,, 

= .88 ,la, d, J=8Hz, ,.5 Hz), 6.75 ,1H, dd, J-H Hz, J-lo Hz), 6.92 ,1H, 

a), 7.17 ,IH, s), 7.33 (lOH, s) 9.97 (IH, d, J=8 Hz) 

Working Example 7 

TO a suspension of benzhydryl 7-amino-3-,i„yl-3.cephem-4- 
carboxylate hydrochloride (purity: 94.5», ,2.27 g, and ethyl acetate 
(65 mw in tetrahydrofuran (24 mL) was added water (25 mM containing 
sodium hydrogencarbonate ,1.68 „ at 5-c while the suspension was 
being stirred. The mixture was stirred at 5-C for 5 minutes. To this 
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mixture was then added drop by drop 2-(2-amino thia2ole-4-yl)-2- 
acetoxy imino acetyl chloride hydrochloride (syn isomer) (2.13 g) over 
the course of 10 minutes while the mixture was being stirred. After 
the residue was mixed with a saturated aqueous solution (2 mL) of 
sodium hydrogencarbonate, the mixture was stirred at 5«C for 15 
minutes. The precipitate was filtered, and the organic layer was • 
dispersed, to which was then added IN hydrochloric acid (25 mL) at S-'C 
while the mixture was being stirred for 15 minutes. The produced 
precipitate was collected by filtration and washed with ethyl acetate, 
thereby obtaining benzhydryl 7- (2- (-2-amino -thiazole-4-yl) -2-aceto.xy 
imino acetamide]-3-vinyl-3-cephem-4-carboxylate hydrochloride ethyl 
acetate (syn isomer) (3.58 g) (yield: 98.4%). 

IR (Nujol) : 1780, 1760, 1705, 1690, 1680, 1630, 1580, 1530 cm'^ 
Working Example 8 

To a suspension of benzhydryl 7- [2- (2-amino thiazole-4-yl)-2- 
acetoxy imino acetamideI-3-vinyl-3-cephem-4-carboxylate hydrochloride 
ethyl acetate (syn isomer) (300 mg) in methanol (3 mL) was added boron 
trifluoride ethyl ether (350 mg) at room temperature. The mixture was 
stirred at the same temperature for 1 hour. The mixture was mixed with 
isopropyl ether, and the precipitate was collected by filtration, 
washed with isopropyl ether, and dried, thereby obtaining benzhydryl 
7- [2- (2-amino thiazole-4-yl)-2-hydroxy imino acetamide] -3-vinyl-3- 
cephem-4-carboxylate hydrochloride (syn isomer) (220 mg) (yield: 
89.4%) . 
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NMR (nMSO.d.5): 3.61, 3.92 (2H, ABq, J=13 He), 5.28 (IH, J=:5 
5.29 (IH, d, J=10 HZ), 5.64 (IH, d, J=17 Hz), 5.87 (IH, dd, J=5 
Hz, 8 HZ), 6.75 (IH, dd, J=10 Hz, J=17 Hz), 6.87 (IH, s), 6.93 (IH, s) , 
7.35 (13H, m), 9.70 (IH, d, J=8 Hz), 12.30 (IH, broad). 

The following compound can be prepared from the aforesaid 
compound according to conventional methods. 

7-[2-(2-amino thiazole-4-yl) -2-hydroxy imino acetamide] -3-vinyl- 
3-cephem-4-carboxylate (syn isomer) . 
Working Example 9 

To a solution of benzhydryl 7-aminoT^Tjj:inyl-3-cephem-4- 
carboxylate hydrochloride (syn isomer) (2.27 g) in a mixture of 
methylene chloride (12.5 mL) and formic acid (230 mg) was added boron 
trifluoride ethyl ether (1.42 g) at 2Q«'C while the solution was being 
stirred. After the mixture was stirred at 20 to 30»C for 1 hour, 
tetrahydrofuran (12.5 mL) was added to the reaction mixture drop by 
drop, to which was further added bis (trimethyl silyl) urea (3.58 g) 
over the course of 10 minutes while the reaction mixture was being 
stirred. To the mixture was then added 2-(2-amino thiazole-4-yl) -2- 
acetoxy imino acetyl chloride hydrochloride (syn isomer) (1.56 g) at 5 
"C over the course of 1 hour while the mixture was stirred. The 
reaction mixture was mixed with a saturated aqueous solution (25 mL) 
of sodium chloride and subsequently stirred at 5»C for 10 minutes. The 
produced precipitate was collected by filtration, washed with a 
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saturated aqueous solution of sodium chloride, and//ried, thereby 
obtaining 7-[2-(2-amino thiazole-4-yl)-2-acetoxy imino acetamideJ-3- 
vinyl-3-cephem-4-carboxylate hydrochloride (syn isomer) (3.53 g) 
(yield: 91.9%) . 

/1263 

NMR (DMSO-ds 6): 2.22 (3H, s) , 3.59, 3.90 (2H, ABq, J=13 Hz), 
5.24 (IH, d, J=5 HZ), 5.32 (IH, d, J=ll Hz), 5.59 (IH, d, J=17 Hz), • 
5.80 (IH, dd, J»5 H2, 8 HZ), 6.92 (IH, dd, J-11 Hz, j=17 Hz), 7.14 (IH, 
S), 9.94 (IH, d, J=8 Hz) . 
Wor Icing Example 10 

To a suspension of 7- [2- (2-amino thiazple-4-^ 
acetamideJ-3-vinyl-3-cephem-4-carboxylate hydrochloride (syn isomer) 
(5.30 g) in methanol (10 mL) was added drop by drop a mixture of 
concentrated sulfuric acid (980 mg) and methanol (5 mL) . The mixture 
was stirred at 23 to 2 4 for 30 minutes and subsequently cooled to 
S-C. The reaction mixture was poured into a mixture of cold water (50 
mL) containing sodium hydrogencarbonate (2.52 g) and ethyl acetate (30 
mL) . The aqueous solution was mixed with a saturated aqueous solution 
(3.5 mL) of sodium hydrogencarbonate, thereby adjusting its pH to 5.0, 
and was filtered, thereby eliminating a small quantity of insolubles, • 
after which methanol and ethyl acetate were distilled away under 
reduced pressure. The produced precipitate was collected by filtration 
and washed with cold water, thereby obtaining 7- [2- (2-amino thiazole- 
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4-yl)-2-hyciroxy imino acetamide)-3-vinyl-3-cephem-4-carboxylate 
isomer) (3.40 g) (yield: 93.1%). 

IR (Nujol) : 3300, 1780, 1660, 1605, 1540 cm^^ 
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